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New Demands in Basic Research on Environmental Pollution and Health in China
Abstract
The complex environmental pollution in China greatly threatens the human health. Although the pollution
control policies have taken a great effect in recent years, the resultant long-term, chronic health risks are
still concerned. Until now, the causes of many regional high-incidence diseases are still unclear. In order
to solve these environmental health problems, we need multi-disciplinary innovations in basic research to
establish the comprehensive research chain of "pollution process-human exposure-body responsedisease development". We need breakthroughs in interdisciplinary fields including exposomics, ultratrace
measurement and source tracing methodology, molecular epidemiology, environmental big data, and
artificial intelligence. Only in this way can we achieve the health risk-oriented precise prevention and
control of environmental pollution.
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Since the publication of Silent Spring by American writer
Rachel Carson in 1962, environmental pollution has widely
attracted social and public attention. A series of environmental health incidents in the 20th century have sounded the
alarm for human society, such as the London smog incident in
the United Kingdom, the Los Angeles photochemical smog
episode in the United States, and methyl mercury poisoning
and Yusho disease incident in Japan. These incidents have
greatly promoted the process of environmental legislation
and the development of environmental sciences. In the 21st
century, the number of health incidents caused by acute environmental pollution has decreased. However, the long-term
and chronic health hazards caused by environmental pollution cannot be ignored, and the incidence of diseases related
to environmental pollution factors still keeps increasing.
In China, the health problems caused by environmental
pollution have been highlighted due to the severity and
complexity of the current environmental pollution situation
[1]
. Environmental health problems are both major livelihood
issues related to social stability and the frontier of basic research in environmental science. The complex interaction
between environment and human body, both of which are
extremely complex systems, has brought unprecedented
challenges to the research on environmental science. Although governments and departments at all levels have
strengthened their efforts in pollution prevention and control,
the relative lag of basic research in related fields makes the
practice lack theoretical guidance, which is prone to the predicament of drawing conclusions from incomplete research.

To break the deadlock of environmental health research,
China must promote basic research and interdisciplinary
research, and clarify the causal relationship between diseases
and environmental pollution, so as to provide a scientific
basis for formulating health risk control policies.

1 Environmental pollution is a major factor
threatening the public health in China
1.1 New situations of environmental pollution in
China
Environmental exposure involves multiple factors and has
large spatial and temporal disparities. Therefore, systematic
research is required to reveal the mechanisms of disease
occurrence associated with environmental exposure. The
environmental pollution in China with a large population
size, regional differences, and rapid while uneven development has characteristics that are significantly different from
those in developed countries. (1) Highly complex. The coexistence between point-source and surface-source pollution,
between domestic pollution and industrial emissions, and
between primary and secondary pollution is common. (2)
Highly concentrated. The pollution in the whole industrialization process is concentrated and presented in a relatively
short time. In view of these two characteristics, the pollution
control experience of developed countries cannot be directly
applied to China, and the existing knowledge and theoretical
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framework (e.g., understanding of the health risks of compound pollution) needs to be updated through basic research
in China.
Due to the uneven economic development, there are still
urgent problems of public health to be addressed in some
underdeveloped areas, especially in rural areas, such as the
indoor air pollution caused by the burning of poor-quality
solid fuels and diseases caused by the lack of clean water and
basic sanitation. Long-standing environmental problems,
such as air pollution, water eutrophication and industrial
emissions, continue to pose serious threats. Many rural areas
are suffering from pollutions of pesticide residues and improper disposal of solid waste, while urban residents are
exposed to high-level outdoor air pollution. In addition, food
pollution, drinking water pollution, groundwater pollution,
heavy metal pollution, antibiotic abuse and pollution from
intensive livestock and aquaculture industries all aggravate
the complexity of environmental pollution in China.
The rapid economic and social development has brought
some new health risks, such as new pollutants (represented
by halogenated flame retardants, perfluorinated compounds,
and other high-production chemicals), electronic waste, nanomaterials, and microplastic pollution. With the decline of
fine particulate matter (PM2.5), ozone (O3) pollution, which is
more difficult to control, has become severer. How to accurately identify the key risk factors has become a great challenge for environmental health research.

1.2 Regional high-incidence diseases related to
environmental pollution and countermeasures
Studies have shown that 70%–90% of human diseases are
the result of a combination of genetic and environmental
factors [2,3]. Some diseases have been proved to be strongly
associated with environmental exposure, such as cardiovascular diseases, immune system disorders, neurodegenerative
diseases, adverse pregnancy, and cancers. According to the
Cancer Incidence and Mortality in China 2015 released by
the National Cancer Center in December 2020, the estimated
number of new cases of malignant tumors nationwide was
3.929 million in 2015, with an average of more than 10
thousand people diagnosed with cancer every day, and the
incidence and mortality show a rising trend year by year [4].
There are significant differences in the incidence among
regions, which may be attributed mainly to lifestyle, sanitary
conditions, and environmental pollution. The incidence of
cancer is higher in urban areas than in rural areas, while the
mortality shows an opposite trend. Lung cancer remains the
one with the highest mortality in China, and atmospheric
PM2.5 pollution accounts for 23.9% of causes of lung cancer
mortality in China, which is much higher than the global
average (16.5%) [4].
The burden from health risks caused by air pollution is
increasing. In 2017, The Lancet published a study on the
global burden of disease in 2015, which showed that PM2.5
pollution caused 4.2 million deaths per year worldwide,

accounting for 7.6% of causes of all deaths and ranking 5th
among all health risk factors (the top 4 were hypertension,
smoking, hyperglycemia, and hyperlipidemia). China is one
of the countries suffering from severe health hazards of air
pollution, with 1.1 million deaths caused by atmospheric
PM2.5 pollution each year, which increases by 17.5% compared with that in 1990 [5]. In 2019, The Lancet published a
study related to the burden of disease in China 2017, which
showed that air pollution was the 4th health risk factor in
China (the top 3 were hypertension, smoking, and
high-sodium diet) [6].
Developing strong air pollution control policies is an effective way to reduce the national disease burden. In 2013,
the Chinese government issued the Action Plan for Air Pollution Prevention and Control, the implementation of which
has significantly reduced the mortality associated with ambient air pollution. The 14th Five-Year Plan (2021–2025) for
National Economic and Social Development and the
Long-Range Objectives Through the Year 2035 specifies that
China should fight the battle against pollution, including
strengthening multi-pollutant collaborative control and regional collaborative treatment; enhancing urban air quality
management to promote collaborative control of PM2.5 and
O3 and basically eliminate heavy pollution weather; accelerating the comprehensive rectification of volatile organic
emission; basically eliminating inferior Class V
state-controlled sections and urban black and odorous water
bodies; and attaching importance to the treatment of new
pollutants.

2 Intrinsic association between environmental
pollution and disease is indiscernible
2.1
Four categories of environmental health
problems
Depending on how environmental pollution causes disease, the current public health problems associated with environmental exposure in China can be roughly classified into
four categories.
(1) The small-range diseases with high incidence and clear
etiology. Examples are some “cancer villages” caused by
clear sources of pollution, downstream high-incidence diseases caused by water pollution of industrial effluent. Because the clear source of pollution, developing control
policies for such problems is relatively easy, and the control
resistance often appears in the implementation process.
(2) The wide-range pollution-caused diseases with high
incidence. Examples are upper respiratory infection caused
by air pollution, chronic obstructive pulmonary disease, cardiovascular diseases, and endemic arsenic poisoning caused
by high arsenic groundwater. Because of the wide range of
effects and complex causes, such environmental health
problems are difficult to be controlled. It is necessary to
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clarify the key causative components and sources, and develop comprehensive control policies at different levels.
(3) Regional diseases with high incidence and unknown
causes. Examples are esophageal cancer in the Taihang
Mountains and lung cancer in Xuanwei, Yunnan. These environmental health problems pose the greatest challenge to
basic research. Innovative research paradigms that take into
account multiple environmental and genetic factors are
needed to identify the true causative factors and provide a
scientific basis for health risk control.
(4) The small-range diseases with high incidence and
spatial limitations. Studies have shown that the incidence of
cardiovascular and neurodegenerative diseases is higher in
the place of residence closer to the urban main road [7,8]. Due
to the various confounding factors, intrinsic evidence is still
inadequate though the risks of such problems are easily
avoidable.

2.2 Indistinguishable environmental triggers of
high-incidence diseases
The causative factors of environmental pollution for many
regional high-incidence diseases remain unclear. Atmospheric PM2.5 pollution is the most urgent environmental
problem in China. Available studies have shown that atmospheric PM2.5 pollution is closely related to cardiovascular
diseases, respiratory diseases, and tumors. However, due to
the complexity of PM2.5 components and sources, the key
toxic components and pathogenic mechanisms of PM2.5 are
still unclear. In addition, it is generally believed that risk
factors for cancer include both internal causes (genetic factors like random errors in DNA replication) and external
causes (environmental factors including smoking, alcohol,
ultraviolet radiation, air pollution, carcinogenic chemicals,
and environmental toxins). However, whether the occurrence
of cancer is mainly related to the internal or external factors
remains in debate. Tomasetti et al. [9,10] found a strong correlation between cancer risk in different organ tissues and the
total number of stem cell divisions by studying the documents of American cancer registry and 423 international
cancer databases. Therefore, it is believed that cancer is
mainly caused by random errors in the replication of DNA in
healthy cells (namely the “Bad luck” hypothesis). However,
Wu et al. [11] suggested that more than 70% cancer risks were
due to external environmental factors.
The etiology of regional high incidence of cancer in China
remains unclear. For example, the data from the 2012 Annual
Report of China Tumor Registry showed that the incidence of
lung cancer in Xuanwei, Yunnan was 93 per million, ranking
the first in China [12]. Studies on lung cancer in Xuanwei have
been conducted for decades since the 1970s, and some studies
suggested that indoor coal-fired air pollution was the main
risk factor. Polycyclic aromatic hydrocarbons (PAHs), quartz,
and radon have been hypothesized to be related to the high
incidence of lung cancer, but their etiology is still controversial [13,14]. Some regions in the Taihang Mountains recorded

the highest incidence (100 per million) of esophageal cancer
in the world. Despite decades of research and interventions,
the causative factors of cancer in these regions have not yet
been explained by a widely accepted point of view.

3 Status of international research in related
fields
Developed countries such as European countries and the
United States have deployed strategic research programs on
the toxicological assessment and health effects of environmental pollution at the national level for decades, and spent
much money to support corresponding basic research.
(1) Europe. The European Union (EU) has supported research projects related to the Sixth and Seventh Framework
Programmes of the EU through a policy-oriented approach
and has worked with the Organisation for Economic Cooperation and Development (OECD) to establish assessment
methods. The European Environment & Health Action Plan
2004–2010 has been successfully implemented. The Human
Early-Life Exposome (HELIX) project, based on six birth
cohorts, was conducted by 13 cooperative institutions in six
countries (UK, France, Norway, Greece, and Lithuania) to
capture the relationship between early exposure and health in
childhood in European populations. This project measured
the environmental exposure characteristics of more than 32
thousand mother-infant pairs and their effects on child
growth, development and health, and detected 45 external
contaminants or their metabolites in 1 301 blood and urine
samples [15]. Ten European birth cohorts, including BAMSE
(Sweden), GASPII (Italy), GINIplus and LISAplus (Germany), MAAS (UK), PIAMA (the Netherlands) and four
INMA cohorts (Spain), have involved in the association
between air pollution and diseases such as pneumonia,
asthma, and otitis media. In Belgium, the EXPOsOMICS
program was launched in 2017 to integrate external and internal exposure through research on the health effects of air
and water pollution, aiming to establish an exposomics
approach.
(2) The United States. The United States launched the
“Tox21” program with a top-down, science-driven and systematic study of toxicity pathway to identify new molecular
biological targets and reveal the patterns of toxic effects. The
Strategic Plan 2012–2017 of the National Institute of Environmental Health Sciences (NIEHS) focuses on low-dose
exposure, exposomics, epigenetic alterations, targets, and
pathways. The United States Exposome Consortium was
launched to promote environment-wide association studies
and the Human Exposome Initiative. In 2012, the United
States government released the National Strategy for Biosurveillance to launch the National Biosurveillance Program
(NBP), which aims to assess the nutritional status and the
exposure levels of the population in the United States to
environmental chemicals and toxic substances. In 2013, the
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United States established the HERCULES Exposome Research Center, which is dedicated to providing new
exposomics research methods.
(3) Japan. The Japan Environment and Children’s Study, a
nationwide birth cohort study, was launched in 2011 to assess
the effects of a range of environmental factors on child health
and development.
As seen above, the developed economies have started the
research on environmental health in advance. However, most
of the above big scientific programs or projects mainly focus
on known specific pollutants. There are few non-targeted
global analyses of pollutants and the systematic methodologies are not well developed. Although the understanding of
the accumulation levels of pollutants in the human body has
been deepened, the research on the causal relationship between diseases and pollution has not achieved much progress.
Besides, due to the great differences in pollution characteristics among different regions, the research findings and control strategies of developed countries cannot be directly
applied to China.

4
Weaknesses in basic
environmental health in China

research

on

Nowadays, the bottleneck in solving environmental health
problems still lies in basic research. The massive pollutants in
the environment have large differences in physicochemical
properties, occurrence level, spatial and temporal distribution, and toxic effect. To clarify the relationship of pollutants
with the occurrence and progression of human diseases, the
tools in environmental science, medicine, chemistry, life
science, earth science, and statistics can be used. There are
four weaknesses in the related research.
(1) Imperfect research methodology and lack of exposure
markers. To clarify the relationship between environmental
exposure and disease occurrence, external exposure and
endogenous response need to be integrated for the establishment of a global research line of pollution process–human
exposure–human response–disease occurrence. In particular,
in the link of human exposure, such integration can help
locate the real influencing factors related to disease. However, individual differences and population mobility make it
extremely difficult to develop internal exposure assessment
model which responses to external exposure, resulting in the
decoupling between external and internal exposure studies.
This link relies on reliable exposure markers, including
measurable chemicals (e.g., exogenous contaminants in
blood) and recognizable compounds (e.g., metabolites or
adducts) modified via various physiological mechanisms.
Exposure markers should be studied throughout the etiology,
prediction, and diagnosis of a disease. However, the number
of reliable exposure markers is extremely limited, and the
studies are mostly limited to the concentration detection of
existing biomarkers, which provides limited information and

makes it impossible to accurately identify the complex factors involved in disease occurrence.
(2) Difficulty in obtaining scientific evidence of the causal
relationship between disease and pollution. Most of the
available research results are obtained through epidemiological studies which usually use questionnaires to obtain
information of external exposures such as radiation, climate,
and environmental pollution. However, the types and levels
of chemical exposures in the human body cannot be obtained
through questionnaires and geographic and meteorological
data. Most of the current studies have focused on the association between diseases and single or several environmental
factors. Nonetheless, in the face of multiple confounding
factors, the causal relationship between risk factors and diseases is difficult to be analyzed by association analysis due to
the insufficient intrinsic scientific evidence of most of the
associations. As a result, the environmental causative factors
and pathogenic mechanisms of many diseases remain
unclear.
(3) Inapplicability of population-based methods and conclusions for individual risk assessment. Currently, etiological
studies are mostly based on large population-based surveys [9–11].
However, owing to the great differences in disease susceptibility and living environment among individuals, the methods
and conclusions obtained from large population-based data
cannot be directly used for individual risk assessment. Similarly, risk assessment of individuals is still difficult due to the
lack of exposure markers.
(4) Unknown mechanisms of exogenous contaminants
inducing diseases. Since disease occurrence is often a complex process involving multiple factors, the study of its
mechanism is highly dependent on chemical identification,
detection, and tracking. However, due to the lack of relevant
research tools and markers, the mechanisms by which many
exogenous factors induce diseases and key physiological
processes are not clear. As a result, the targets for prevention
and treatment cannot be positioned. Therefore, environmental health research urgently needs new ideas, new approaches,
and new tools to clarify the roles and mechanisms of different
factors in the occurrence and progression of diseases.

5 Basic discipline construction facing new
demands
In order to actively respond to climate change, China set
the goals of hitting peak carbon emission by 2030 and attaining carbon neutrality by 2060, which will certainly have a
profound impact on China’s energy structure and environmental pollution situation. Since environmental health
problems involve different disciplines at research levels from
microscopic to macroscopic view, interdisciplinary innovation is undoubtedly the way to tackle such problems, which
puts forward new requirements for related basic research.
Considering the weaknesses of the existing research chain,
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the research and investment in the following fields are urgent
to be strengthened.
(1) Exposomics. Exposomics is a new field of research
that has emerged with the development of environmental
health science. It is aligned with the concept of genomics,
highlighting the impact of environment on health. Genomics
has developed rapidly in recent decades, and genome-wide
association analysis is widely employed to explain the causes
of human diseases. However, genomes only explain 10% of
the causes of chronic diseases, and the rest 90% of the causes
are related to environmental exposure factors. Therefore,
Wild [16] in 2005 first introduced the concept of exposome,
which refers to the sum of all environmental exposures to
which a subject is exposed from embryo to death. Compared
with traditional exposure science, exposomics is concerned
with the dynamics of the environment and the organism, and
thus faces great methodological challenges. Exposomics
involves both external and internal exposure assessment
methods. The former screens health risk substances by
measuring various exposure factors in the external environment, and the latter focuses on all the exposure-related factors
in the internal environment and thus provides more direct
evidence on the relationship between environmental exposure and diseases. Although there is no established method
for exposomics research, the field has been developing rapidly in recent years. In the major research program supported
by National Natural Science Foundation of China, “Toxicology and health effects of fine particulate matter in the
atmosphere,” launched in 2015, the research on exposomics
has been laid out. Efforts should be made to enhance research
in this field in the future.
(2) Ultra-trace measurement, representation, and traceability methodology. Environmental health research is based
on the accurate measurement of contaminants and biomarkers in the environment and the human body, which are
generally characterized by extremely low concentrations and
complex matrices. For example, the concentrations of exogenous contaminants in the human body are generally more
than four order of magnitudes lower than those of drugs or
endogenous substances, which makes both measurement and
characterization extremely difficult [17], and the complex
matrices aggravate such difficulty. In addition, due to the
global analysis and dynamics of the exposome, there is an
urgent need to improve and apply non-target analysis and
effect-directed analysis. However, the identification of etiology requires to trace the source of exposure markers [18].
The identification, characterization, and source analysis of
endogenous and exogenous contaminants in the human body
will enable us to elucidate the real state of contaminants in the
population and individuals, so as to establish the relationship
between internal and external exposures and to reveal the life
cycles and pathogenic mechanisms of contaminants in the
human body.
(3) Molecular epidemiology. Molecular epidemiology is
the interdiscipline of traditional epidemiology with advanced

measurement science, molecular biology, and toxicology. It
combines epidemiological field studies and laboratory
measurements to elucidate the etiology and molecular
mechanisms of diseases. Molecular epidemiology focuses
specifically on the discovery of biomarkers at different biological stages of disease course and explores their association
with external exposures and health outcomes. It is essential to
identify key causative factors from the complexity of factors
and to further clarify the mechanisms of gene–environment
interactions. Additionally, molecular epidemiology is concerned with the establishment and development of prevention-oriented
biomarkers to improve the precision of health risk
assessment.
(4) Environmental big data. The rapid development of
measurement technology and omics has led to the generation
of massive environmental data, and the acquisition of effective information from these massive data requires multidisciplinary tools in environmental science, informatics, and
statistics. By combination of the big data obtained from
population, cohort, and exposome analysis with computational toxicology and omics analysis, we can unveil the key
molecular initiation reactions of exogenous pollutants and the
interactions between pollutants and endogenous biomolecules. In this way, the mechanisms of pollutant bio-sensing
and identification as well as gene network regulation can be
elucidated, and further the prediction and evaluation model of
pollutant toxicity can be established.
(5) Artificial intelligence. The development of artificial
intelligence, especially machine learning, provides an unprecedented opportunity to solve environmental health problems. At present, machine learning has already been applied in
environmental health research, showing strong potential for
application in air pollution control, pollution traceability,
compound toxicity evaluation and prediction, and disease
diagnosis. Therefore, machine learning will become a powerful tool for solving environmental health problems.
(6) Health risk-oriented precise prevention and control of
environmental pollution. The ultimate goal of identifying
environmental pollution causative factors for regional
high-incidence diseases is to control the health hazards of
pollution and provide corresponding policy recommendations. The precise identification of environmental pathogenic
factors provides a scientific basis for pollution prevention and
control. In the future, individual pollution protection devices
should be developed considering key disease-causing pollutants and their sources, so as to combine individual protection
and crowd protection and change the previous
one-size-fits-all extensive pollution control, which will realize health-oriented, targeted and precise pollution control. By
targeting high health-risk pollutants, the pollution prevention
and control will achieve better balance with economic
development.
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